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Feedforward and feedback consistency effects in the lexical processing of Chinese 
Li Wing Yan 
Abstract 
This study investigated the feedforward and feedback consistency effects on lexical 
processing in Chinese using a cross-modality priming paradigm. This aimed for a better 
understanding on how the mapping between print and sound influence lexical processing in 
Chinese and its possible relationship to literacy development.  Forty-eight university 
students were randomly assigned to print-to-sound or sound-to-print modality condition, and 
asked to perform in a prime-target relatedness judgment with stimuli presented in four 
different consistency conditions.  Results demonstrated an inhibitory feedforward 
consistency effect and facilitative feedback consistency effect on the participants’ response 
rate and accuracy rate in both sound-to-print and print-to-sound modalities.  Furthermore, 
the feedback consistency effect was stronger in the sound-to-print modality while feedforward 
consistency effect did not demonstrate modality effect.  By considering the number of 
sharing radicals, neighborhood size and adopting a more natural design, the findings of 
consistency effects in this study and its relevance to previous research studies were discussed.  
Besides, the relative importance of the consistency effects revealed suggested that both 
feedforward and feedback consistency are important in skilled adult reads and could impact 
on literacy development.   
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Feedforward and feedback consistency effects in the lexical processing of Chinese 
This study aims to investigate the effect of consistency on Chinese character 
processing.  Previous studies on orthographic consistency and reading abilities had 
suggested that dyslexic children demonstrated more reading difficulties when the relationship 
between grapheme (written form) and phoneme (pronunciation) was less direct and 
straight-forward (Blomert, 2011; Davies & Weekes, 2005; Landerl, Wimmer, & Frith; 1997).  
For example, Landerl et al. (1997) reported poorer reading performance in English dyslexics, 
a deep orthography with one grapheme to many mappings of phonemes, compared to German 
dyslexics, which had a shallow orthography with highly consistent one-to one 
grapheme-to-phoneme mappings.  This implies that the consistency in mapping between 
print and sound (and vice versa) has an impact on language learning and reading development.  
Therefore, understanding how consistency impacts on a particular language such as Chinese, 
a deep orthography, may enable one to develop more in-depth knowledge on lexical coding 
and processing as well as to provide script-specific knowledge to develop possible 
intervention strategies for children with dyslexia.  Previous studies, however, had mainly 
focused on English while relevant information in Chinese language was limited.  Given that 
Chinese is considered a deeper orthography than English, and critically lacks letter-sound 
correspondence units, generalization of the previous results to Chinese may not be feasible.  
Generally, consistency refers the mapping between the phonological and the 
orthographic forms of a certain word.  It comes in two types: Feedforward consistency and 
feedback consistency.  The concept of feedforward (FF) consistency in reading English was 
first proposed by Glushko (1979) who demonstrated that when the mapping between spelling 
and sound is highly consistent, processing of that word would be easier and faster during 
reading.  A highly consistent mapping exists when the body of a monosyllabic word is 
associated with only one possible pronunciation (e.g., the word TIP whose rhyme -ip can only 
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be read as /ip/ as in DIP, HIP, LIP and NIP).  On the other hand, inconsistent orthography 
and phonology mapping arises when the body can be pronounced in multiple ways (e.g., the 
rhyme in MINT is pronounced as /int/ but /aint/ in PINT).  The concept was further 
supported by studies using reading-aloud and lexical decision tasks, which generally showed 
better performance towards FF consistent words than FF inconsistent words across English, 
French and Chinese (e.g., Bolger, Hornickel, Cone, Burman, & Booth, 2008; Davies & 
Weekes, 2005; Glushko, 1979; Jared, 1997; Jared, 2002; LaCruz & Folk, 2004; Leung, Lui, 
Law, Fung, & Lau, 2011; Ngai, 2008; Ziegler, Montant, & Jacobs, 1997).   
Another type of consistency effect, feedback (FB) consistency, had also been 
reported to affect lexical processing and spelling.  FB consistency refers to the degree of 
straightforwardness of the mappings from phonology (sound) to orthography (spelling).  
Stone, Vanhoy and Van Orden (1997) demonstrated that if FB consistency mapping was 
inconsistent, such that the pronunciation of a word could be mapped onto different 
orthographic graphemes, for example, the rhyme /ip/ could be mapped onto the 
pronunciation of the orthographic units –eap and –eep as in HEAP and DEEP respectively, 
the processing speed when recognizing words was slower.  On the contrary, when FB 
consistency mapping between print and sound was consistent, for example –ate for the 
rhyme /et/ as in DATE, FATE, GATE and LATE, lexical processing was facilitated.  
However, evidence to suggest FB consistency effect were mixed, where some found FB 
effects on “visual” tasks including reading and lexical decision tasks (LaCruz & Folks, 2004; 
Stone et al., 1997; Ziegler et al., 1997) while others found this only in the auditory modality 
(Kessler, Treiman, & Mullennix, 2008; Ziegler, Petrova, & Ferrand, 2008).   
To date, most studies indicating the presence of FF and FB consistency effects in 
lexical processing focused on alphabetical language, including English and French (e.g., 
Ziegler et al, 1997).  Alphabetic script like French is often regarded as “shallow” 
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orthography because of its relatively transparent mapping between spelling and sound.  In 
contrast, Chinese is regarded as “deep” orthography since the mapping between orthography 
and phonology is more opaque.  In terms of the phonology, every Chinese character maps 
onto a syllable and therefore known as “monosyllabic”.  In the aspect of the orthography, a 
character consists of different logographemes, a component smaller than radicals while larger 
than strokes and is the basic unit of written Chinese characters (Law & Leung, 2000), which 
may not directly associate with the pronunciation of that character (e.g., the logographeme 
 of 「清」 is a non-word in Chinese and thus cannot be pronounced).  Among modern 
Chinese characters, the majority are compound characters consisting of phonetic and semantic 
radicals.  It is the phonetic radical supplying reader information regarding the pronunciation 
of that particular character (Feldman & Siok, 1997), though it may not be completely reliable.  
Researchers had demonstrated that processing of radicals and their function was involved 
when reading a compound character (e.g., Chen & Weekes, 2004; Ding, Peng, & Taft, 2004; 
Feldman & Siok, 1997; Lee, Tsai, Su, Tzeng, & Hung, 2005; Taft & Zhu, 1997; Taft, Zhu, & 
Peng, 1999; Zhou & Marslen-Wilson, 1999).  This easily prompts a possible loose analogy 
between the English and Chinese script that the phonetic radical in Chinese characters share a 
similar role with the rhyme of an English word on providing some degree of phonological 
cues.  At the same time, it is estimated that there are more than 140,000 characters but only 
753 syllables regardless of tones in Cantonese (Leung, Law & Fung, 2004).  For example, a 
Chinese syllable /cing/ can be represented by homophonic homographic neighbors of 「青」,
「清」,「請」,「情」,「晴」 and other homophonic heterographic neighbors of 「澄」,
「程」.  From this, it is logical to expect a certain degree of FF and FB consistency effects in 
Chinese as it is in English despite the apparent difference in the writing systems.   
A few studies had reported consistency effects in Chinese yet the results were rather 
mixed.  For example, Lee, Tsai, Su, Tzeng and Hung (2005) showed that FF consistent 
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irregular characters were named faster than FF inconsistent irregular characters, confirming 
the impact of FF consistency on Chinese character naming in adults.  Facilitative FF 
consistency effect on read-aloud task was also reported by Ngai (2008) and Leung et al. (2011) 
yet inhibitory FF consistency in lexical decision task was found by Chen and Yang (2012).  
Furthermore, while facilitative FB consistency was argued to play a role in 
writing-to-dictation task in Ngai (2008), Leung and colleagues (2011) suggested that whether 
FB consistency was facilitative or inhibitory in nature during writing-to-dictation depended 
on the character’s FF consistency, suggesting that FF and FB consistency interact.  The 
mixed findings are difficult to generalize, which could in part be due to the differences in the 
nature of the task (e.g., lexical decision task, reading-aloud task, writing-to-dictation task) as 
well as differences in the definition and calculation of consistency measures which might 
indirectly be biased to other confounding variables including frequency effect of the 
orthographic neighbors and the size of the homophonic neighbors.  In the study by Chen and 
Yang (2012), type consistency, referring to the ratio of the number of homographic 
homophonic neighbors to the number of orthographic neighbors of one character, was adopted.  
Contradictory to the previous results, they reported an inhibitory impact of FF consistent 
characters on lexical processing when orthographic neighborhood size was manipulated 
together with the FF consistency.  On the other hand, the study led by Leung and colleagues 
(2011) unveiled facilitative FF consistency effect in reading-aloud task when token 
consistency (i.e., ratio of summed frequency of friends to the summed frequency of the family 
members sharing the same phonetic radical) was adopted.  Diverging results in previous 
studies might therefore be partly attributed to the different definitions of FF consistency 
across.  Considering the comment from Jared (1997) and Lee et al. (2005), who agreed on 
the necessity of considering both number and frequencies of friends when calculating 
consistency values, this study will adopt the use of token consistency, which takes the 
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frequency information of the family members into consideration, instead of type consistency 
as a selection criterion of FF consistent stimuli to yield greater statistically significant effects. 
This study will also adopt the concept of FF consistency initially proposed by Glushko 
(1979) to Chinese characters (see also Chen, 2008; Lee et al., 2005; Leung et al., 2011), 
specifically referring to the degree of consistency in the mapping between the pronunciation 
and the phonetic radicals of characters in the same orthographic family.  Therefore, the 
character 「納」 with the pronunciation of /naap6/ and the phonetic radical 「內」 would be 
considered FF consistent as it shares the same onset and rime with its orthographic neighbors 
(e.g., 「鈉」,「吶」).  On the other hand, for the character 「橙」, its pronunciation of /caang2/ 
is different from other orthographic family members (e.g., 「燈」/dang1/ and 「澄」/cing1/) 
and therefore is regarded as more inconsistent in its FF mapping.   
Similar to the definition of FF consistency as described above, FB consistency refers 
to the number of homophones of a syllable.  For instance, 「兩」is considered highly 
consistent in its FB mappings as its pronunciation /leong5/ can only be mapped onto another 
character 「倆」.  In other words, the former character only has one homophone.  However, 
the character 「足」is more FB inconsistent as it shares the same pronunciation /zuk1/ with 
nine other homophones including 「築」, 「觸」, 「竹」, 「捉」, 「祝」, 「燭」, 「矚」, 
「囑」, 「蠋」.  Yet defining the degree of FB consistency of a particular character based on 
the number of homophones may not offer a comprehensive result to the present study.  
Leung et al. (2011) pointed out that the size of orthographic similarity among the members in 
a homophonic family might play a role in FB consistency effect (e.g., the homophonic family 
members which were also orthographically similar to the target of 「植」in Leung et al., 2011, 
includes「值」and 「殖」; other family members 「席」, 「夕」, 「汐」, 「籍」, 「藉」, 
「寂」 did not share any orthographic similarity with the target character).  Similarly, using 
event related potentials, Zou, Desroches, Liu, Xia and Shu (2012) revealed the influence of 
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orthography on Chinese spoken word recognition.  This therefore gives rise to the 
consideration of controlling the ratio of number of sharing phonetic radicals in a homophonic 
family to the size of the homophonic family when defining FB consistency, instead of purely 
looking at the absolute number of alternate homophones for a more controlled result.   
Apart from the diverging calculation methods of FF and FB consistency, the use of 
lexical decision task in previous studies to examine consistency effects had been questioned 
as the nature of the task is biased to FB consistency more than FF consistency (Ziegler et al., 
1997).  Kessler, Treiman and Mullexnnix (2008) also questioned the ecological validity of 
the task in representing the consistency effects in real life, and challenged if performance of 
this task is subjected to individuals’ strategies rather than the consistency effect in question.   
Note, however, that using a reading-aloud task could be confounded by articulatory factors, 
including the time taken to program and execute the syllable (Kessler et al., 2008).   
Furthermore, a within-modal design (e.g., print-to-print) in previous studies might omit the 
dynamic relationship across visual and auditory modalities that the consistency effect reflects 
during reading and writing, namely how consistency engages in the translation from 
print-to-sound and sound-to-print mappings respectively.  Therefore, in order to more closely 
represent this kind of mapping, this study will adopt a cross-modal priming design to 
simultaneously explore FF and FB consistency effects on Chinese-speaking adults, and 
participants will be required to perform in a relatedness judgment task to reduce possible bias 
to one type of consistency effect.   
The present study aims to investigate the influence of FF and FB consistency effects 
on the processing of Chinese characters in print-to-sound (P-S) and sound-to-print (S-P) 
mappings.  It is hypothesized that FF consistency facilitates responses in both S-P and P-S 
conditions given that FF consistency effect were found in both reading-aloud and 
writing-to-diction tasks (e.g., Davies & Weekes, 2005; Leung et al., 2011) while FB 
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consistency plays a more important role in the S-P mappings as FB consistency effect was 
expected to be found in the auditory modality but not in the visual one as in Ziegler et al. 
(2008).  Thus, it is predicted that if FF consistency is equally important in the auditory and 
visual modality then effects of FF consistency will be present in both P-S mapping condition 
and S-P mapping condition.  Likewise, if FB consistency influences only the auditory 
modality then FB consistency will be observed in S-P modality only.  On the other hand, if 
the effect of FB consistency is dependent on the degree of FF consistency as found in Leung 
et al. (2011), interactive effects is expected in this study.   
Methods 
Participants   
Forty-eight native Cantonese speaking participants (20 males, 28 females), age ranged 
from 19 to 26 (M = 21.65, SD = 1.26), were recruited in the study.  All participants received 
their primary to secondary school education in local schools in Hong Kong.  No significant 
cognitive, hearing or visual impairment was reported among the participants.   
Materials  
The visual and auditory stimuli sets consisted of 80 Chinese characters, selected from 
the Hong Kong Corpus of Chinese News-Paper database (Leung & Lau, 2010).  The 80 
character stimuli were assigned in four conditions of 20 items: FF consistent-FB consistent 
(FFC-FBC); FF consistent-FB inconsistent (FFC-FBIC); FF inconsistent-FB consistent 
(FFIC-FBC); FF inconsistent-FB inconsistent (FFIC-FBIC).  Adopting the calculation used 
by Leung and colleagues (2011), FF consistency was calculated using the token consistency 
of each stimulus (ratio of summed frequency of friends to the summed frequency of the 
family members sharing the same phonetic radical).  Therefore, the maximum token ratio for 
a highly FF consistent character was one (i.e., all characters sharing the same radical are 
pronounced the same) and FF inconsistent character was close to 0 (i.e., all characters sharing 
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the same radical are pronounced differently).  FF consistent characters were characters with 
token consistency equal to or larger than 0.6 (M = 0.886, SD = 0.122) while FF inconsistent 
characters were characters with token consistency equaled or below 0.3 (M = 0.104, SD = 
0.072) (see Appendix A for complete list of stimuli and consistency values).  
Between-subjects two-way ANOVA indicated that there was a significant difference in type 
consistency [F (1, 76) = 58.78, p < .001], and token consistency [F (1, 76) = 869.10, p < .001] 
between the FF consistent and inconsistent conditions.  The number of orthographic 
neighbors was controlled between two and eight (M = 3.94, SD = 1.54). 
FB consistency referred to the number of heterographic homophones of a syllable 
stimulus.  FB consistent characters had maximum one heterographic homophone characters 
(M = 0.425, SD = 0.501) while inconsistent characters had four to six heterographic 
homophones characters (M = 4.85, SD = 0.742).  Hence the minimum number of 
homophones for a highly FB consistent character was 0, indicating that there were no 
heterographic homophone competitors, and as many as six heterographic homophone 
competitors for a FB inconsistent character.  The between-subjects two-way ANOVA 
showed a significant FB consistency difference between the number of heterographic 
homophones [F (1, 76) = 863.93, p < .001] across consistent and inconsistent FB conditions.  
The number of phonetic radicals shared among homophonic family members within FB 
consistent and FB inconsistent conditions were matched and significantly different between 
FB consistent and FB inconsistent conditions [F (1, 76) = 155.48, p < .001], with one to two 
sharing radicals for FB consistent characters (M = 1.30, SD =0.38) and two to six for FB 
inconsistent characters (M = 3.80, SD = 1.19).  Only irregular characters (differing in rime 
between the pronunciation of a compound character and its phonetic radical) were selected 
while characters with more than one possible pronunciation were excluded. 
Visual stimuli were presented in 標楷體, font size 40 with 2.5 inches in height and 2.5 
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inches in width as appearing on the screen, in the color of black against the grey background 
in 1280 x 720 pixels.  The number of stroke of the stimuli was controlled. 
Auditory stimuli consisted of recordings of the pronunciation of the selected 
characters.  There was a time lag of 200 milliseconds before the onset and after the offset of 
the stimuli.  Loudness of auditory stimuli was kept constant at 60 dB SPL to the participants.   
Between-subjects two-way ANOVA was conducted on the stimuli to control the number of 
strokes, frequency, the duration length of the stimuli and orthographic family size across 
stimuli, and showed no significant difference [all F’s (1, 76) < 0.703, p > .05] . 
Among all the 80 items in all four consistency conditions, each item was paired with 
another character selected from the same consistency condition, and therefore formed a total 
number of 160 pairs of prime-target set, with 80 in related conditions and 80 in unrelated 
conditions.  In the “related” condition, the target character matched with its prime whereas in 
the “unrelated” condition, the target character was different from its prime.  The frequency 
and auditory length were selected to be closely similar between targets and prime while 
overlap of onset and/or rime between targets and primes were avoided.  Complete list of 
stimuli in the unrelated conditions for each consistency condition are presented in Appendix B.  
Within-subjects ANOVA showed that differences in duration length and frequency between 
the targets and primes were controlled in FFC-FBC [F (3, 76)= 0.338, p = .798; F (3, 76)= 
0.395, p = .757], FFC-FBIC [F (3, 76) = 0.210, p = .889; F (3, 76) = 0.552, p = .649], 
FFIC-FBC [F (3, 76) = 0.351, p = .788; F(3, 76) = 0.515, p = .673] and FFIC-FBIC [F (3, 76) 
= 0.288, p = .834; F (3, 76) = 0.202, p = .895] and did not differ significantly. 
Apparatus  
Auditory stimuli were presented using headphones and the visual stimuli were 
presented on the computer with a 15-inch CRT monitor (1280 x 720 pixels).  Response time 
and accuracy were collected using a serial response box. 
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Table 1.   
The Mean and Standard Deviation of Different Properties of Stimuli across Different 
Consistency Conditions 
 
Feed-Forward Consistency 
FF-Consistent FF-Inconsistent 
Feedback 
consistency 
FB-Consistent FB-Inconsistent FB-Consistent FB-Inconsistent 
Conditions FFC-FBC FFC-FBIC FFIC-FBC FFIC-FBIC 
 Mean (SD) Mean (SD) Mean (SD) Mean (SD) 
Token consistency 0.90 (0.10) 0.87 (0.14) 0.11 (0.08) 0.10 (0.06) 
Type consistency 0.58 (0.10) 0.67 (0.25) 0.26 (0.16) 0.25 (0.12) 
Feedback 
Consistency 
0.55 (0.51) 4.75 (0.79) 0.30 (0.47) 4.75 (0.72) 
Number of 
sharing radicals 
1.15 (0.37) 3.80 (1.20) 1.20 (0.41) 4.25 (1.16) 
Number of Strokes 12.10 (2.85) 12.40 (3.05) 12.45 (3.12) 11.35 (4.27) 
Frequency 
(per million) 
60.85 (65.02) 54.23 (62.37) 60.93 (64.66) 53.12 (66.80) 
Duration length 1.00 (0.173) 1.02 (0.15) 1.03 (0.19) 1.00 (0.17) 
Procedure  
The participants were tested individually in a sound booth, wearing a headphone and 
facing a computer screen at approximately 40 cm in distance.  A cross-modal priming task 
was used, see Figure 1.  The participants were randomly assigned to either sound-to-print 
(S-P) or print-to-sound (P-S) modality condition.  In the S-P modality condition, an auditory 
prime was presented followed shortly by a visual target, and in the P-S modality condition, a 
visual prime was presented followed by an auditory target.  The participants were asked to 
perform a relatedness judgment task to determine whether the prime and target represented 
the same character as quickly and as accurately as possible by pressing “yes” or “no” button 
on the serial response box.  Response time and accuracy data of each trial were collected. 
The participants were presented with eight sample trials during the practice phase 
where feedback of accuracy on the participants’ performance was provided to ensure they 
understood the task.  During the experimental phase, feedback was not given.  The stimuli 
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were presented pseudo-randomly, to ensure each sound or character of the prime or target was 
not repeated in the subsequent three trials to minimize possible repetition effects. 
       
Fixation Cross 
300ms
1
 
Blank screen 
500ms
1
 
Auditory 
prime  
Visual  
target 
Response 
“Y” or “N” 
     
Fixation Cross 
300ms
1
 
Blank screen 
500ms
1
 
Visual prime 
300ms
2 
Auditory 
target 
Response 
“Y” or “N” 
Figure 1.  The trial progression in S-P mapping condition (top) and P-S mapping condition (bottom) 
Note. 
1
 Partially adopted from Ding, Peng and Taft’s study (2004).  2 Eriksen and Eriksen (1971) 
suggested that 200 ms after the onset of visual stimuli will be sufficient to enable 100% identification.  
Since the stimuli set will contain characters with number of strokes, 300ms will be selected for the 
processing of the visual targets. 
Results 
There were four factors in the experiment, Modality (two levels: S-P vs. P-S), 
Feedforward consistency (two levels: FFC vs. FBC), Feedback consistency (two levels: FBC 
vs. FBIC) and Relatedness between target and prime (two levels: related vs. unrelated).   
The dependent variables were reaction time (RT) and accuracy (ACC).  Mixed four-way 
ANOVA (modality X FF consistency X FB consistency X relatedness) were performed 
separately on RT and ACC in the by participants (F1) analyses, with modality as the 
between-subjects factor and the rest as within-subjects factors.  Between-subjects four-way 
ANOVA was performed on the by-items (F2) analyses.  Follow-up analyses were adjusted 
by Bonferroni method (p-value divided by the number of comparisons, i.e., .05/6= .008).   
Response time 
For RT, there was a significant main effect of relatedness [F1 (1, 46) = 5.65, p = .022, 
ηp2 = .109; F2 (1, 304) = 11.29, p = .001, ηp2 = .036], with unrelated items (M1= 570.06 ms, 
SD = 103.46; M2 = 564.65 ms, SD = 54.03) yielding faster response time than related items 
(M1 = 587.94 ms, SD = 102.52; M2 = 586.97 ms, SD = 74.29).  A significant main effect of 
FF consistency [F1 (1, 46) = 15.58, p < .001, ηp2 = .253; F2 (1, 304) = 11.21, p = .001, 
  
+   礎 /ts
ho5/ 
  
+   礎 /ts
ho5/ 
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ηp2= .036] was also found, in which FF consistent items (M1 = 588.13ms, SD = 97.57; M2 = 
586.93 ms, SD = 67.04) yielded slower response than FF inconsistent items (M1= 569.87 ms, 
SD = 103.62; M2 = 564.69 ms, SD = 62.81).  A significant main effect of FB consistency 
[F1 (1, 46) = 16.66, p < .001, ηp2 = .266; F2 (1, 304) = 6.71, p = .010, ηp2 = .022] showed 
that FB consistent items (M1 = 571.75 ms, SD = 99.31; M2 = 567.21 ms, SD = 60.26) yielded 
faster response than FB inconsistent items (M1 = 586.26 ms, SD = 102.03; M2 = 584.41 ms, 
SD = 70.06).   
There was a significant two-way interaction between FB consistency and modality [F1 
(1, 46) = 28.13, p < .001, ηp2 = .379; F2 (1, 304) = 9.80, p = .002, ηp2 = .031], indicating that 
the effects of feedback consistency differed amongst the two modalities.  Pairwise 
comparisons (adjusted p =.008) showed that the FB consistency effect was significant in the 
S-P modality (p1 < .001, p2< .001), with FB consistent items (M1 =573.50 ms, SD = 84.35; 
M2 = 575.28 ms, SD = 55.68) showing a faster response than FB inconsistent items (M1 = 
608.77 ms, SD = 86.00; M2 = 613.28 ms, SD = 68.21).  No significant FB consistency 
effects were found in the P-S modality (p1= .457; p2 = .714). 
In addition, there was a significant two-way interaction between FF consistency and 
relatedness in by-participant analysis [F1 (1, 46) = 15.74, p < .001, ηp2 = .255] and 
marginally significant interaction in by-item analysis [F2 (1, 304) = 2.37, p = .098, ηp2 
= .009].  This indicated different degrees of FF consistency effects between related and 
unrelated pairs of items.  Pairwise comparison (adjusted p = .008) showed significant FF 
consistency effect in unrelated pairs of items (p1< .001, p2< .001), with faster response to FF 
inconsistent pairs (M1 = 554.70 ms, SD = 104.26; M2 = 548.025 ms, SD = 45.75) than FF 
consistent pairs (M1 = 585.43 ms, SD = 105.06; M2 = 581.27 ms, SD = 56.76).  In the 
meanwhile, relatedness effect was demonstrated among FF inconsistent items, with faster 
response to unrelated items (M1 = 554.70 ms, SD = 104.26; M2 = 548.025 ms, SD = 45.75) 
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than related items (M1 = 585.05 ms, SD = 109.74; M2 = 581.35 ms, SD = 72.70). 
Another significant three-way interaction was also found among FB consistency, 
modality and relatedness in by-participant analysis [F1 (1, 46) = 7.00, p = .011, ηp2 = .132] 
and a trend in the by-item analysis [F2 (1, 304) = 3.001, p = .084, ηp2 = .010], showing that 
the effects of relatedness and FB consistency differed in the two modalities, see Figure 2.  
The three-way interaction was then further broken down into two-way repeated measures 
ANOVA in each modality.  In the S-P modality, significant two-way interaction between FB 
consistency and relatedness [F1 (1, 22) = 17.75, p < .001, ηp2 = .446; F2 (1, 156) = 5.70, p 
= .018, ηp2 =.035] was found indicating that the effect of feedback consistency were different 
between related and unrelated pairs of items.  Therefore, pairwise comparisons (adjusted p 
=.008) was conducted in the S-P modality, which showed a significant FB consistency effect 
(p1 < .001, p2 < .001) when the targets and primes were related with FB consistent items 
(M1= 578.78 ms, SD = 89.46; M2 = 582.64 ms, SD = 63.70) yielding faster response than FB 
inconsistent items (M1 = 633.70, SD = 97.18; M2 = 642.82, SD = 77.25).  Similarly, in the 
S-P modality, there was also a significant effect of relatedness among FBIC items (p1< .001, 
p2< .001), with related items (M1 = 633.70 ms, SD = 97.18; M2 = 642.82 ms, SD = 77.25) 
yielded longer response time than unrelated items (M1 = 583.85 ms, SD = 81.21; M2 = 583.74 
ms, SD = 40.81).  However, there was a non-significant interaction effect of FB consistency 
and relatedness [F1 (1, 24) = 0.001, p = .998, ηp2 < .001; F2 (1, 156) = 0.007, p = .933, ηp2 
< .001] in the P-S modality. 
Accuracy 
For the accuracy, there was a main effect of relatedness [F1 (1, 46) = 126.38, p < .001, 
ηp2 = .733; F2 (1, 304) = 45.13, p < .001, ηp2 = .129], with unrelated pairs of items (M1 = 
99.50%, SD = 1.22; M2 = 99.48%, SD = 1.65) yielding higher accuracy rate than the related 
pairs (M1 = 95.0%, SD = 4.16; M2 = 94.96%, SD = 8.43).  Main effect of FB consistency 
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Figure 2.  The Mean Reaction Time towards FB Consistent and Inconsistent Items between Related 
and Unrelated Pairs in P-S and S-P Conditions 
was found in by-participant analysis [F1 (1, 46) = 6.00, p = .018, ηp2 = .12] while a trend was 
found in by-item analysis [F2 (1, 304) = 2.96, p = .086, ηp2 = .010].   This indicated more 
accurate responses were made for FB consistent items (M1 = 97.8%, SD = 1.86; M2 = 97.8%, 
SD = 5.36) than FB inconsistent items (M1 = 96.7%, SD = 2.81; M2 = 96.6%, SD = 7.40). 
A significant three-way interaction of FF consistency, relatedness and modality [F1 (1, 
46) = 15.38, p < .001, ηp2 = .251] was also found while there was a trend suggesting the same 
interaction effect in by-item analysis [F2 (1, 304) = 3.27, p = .072, ηp2 = .011], showing that 
the different FF consistency effects were observed between the two modalities, as well as 
related and unrelated pairs of primes and targets, see Figure 3.  Two-way ANOVAs were 
then conducted in the P-S and S-P modalities respectively to further investigate the possible 
interaction effects between FF consistency and relatedness.  There was a significant effect of 
two-way interaction between FF consistency X relatedness [F1 (1, 22) = 36.07, p < .001, ηp2 
= .621; F2 (1, 156) = 3.901, p = .050, ηp2 =.024] found in the S-P modality.  Pairwise 
comparisons (with adjusted p =.008) in the S-P modality found a significant relatedness effect 
in both FFC (p1 < .001; p2 = .001) and FFIC (p1 < .001; p2 = .008), suggesting higher 
accuracy when responding to unrelated pairs of FF consistent stimuli (M1 = 99.4%, SD = 1.10; 
M2 = 99.8%, SD = 1.38) than related pairs of FF consistent stimuli (M1 = 95.4%, SD = 2.86; 
M2 = 92.6%, SD = 1.33), and also higher accuracy when responding to unrelated pairs of FF 
inconsistent stimuli (M1 = 99.3%, SD = 1.70; M2 = 99.3%, SD = 1.57) than related pairs of 
FEEDFORWARD AND FEEDBACK CONSISTENCY IN CHINESE     17 
 
Figure 3.  The Mean Accuracy Rate towards FF Consistent and Inconsistent Items between Related 
and Unrelated Pairs in P-S and S-P Conditions  
FF inconsistent stimuli (M1 = 95.2%, SD = 3.95; M2 = 96.7%, SD = 8.50) respectively.  
However, there was a non-significant interaction effect [F1 (1, 24) = .014, p = .908, ηp2 
= .001; F2 (1, 156) = .046, p = .830, ηp2 < .001] in the P-S modality. 
 To summarize the key findings, the main effect of FF consistency showed that FF 
inconsistent characters were faster to make a relatedness judgment than to FF consistent 
characters.  In addition, the two-way interaction of FF consistency and relatedness reflected 
faster responses to FF inconsistent items than FF consistent items when the primes were 
unrelated to the targets.  Besides, three-way interaction of modality, relatedness and FF 
consistency effect demonstrated higher accuracy rate when both FF consistent and FF 
inconsistent primes and targets were unrelated in the S-P modality than in P-S modality.   
FB consistency effects were found in the response time and accuracy data, indicating 
that response to FB consistent characters was faster and yielded a higher accuracy when 
making a relatedness judgment than FB inconsistent characters.  In addition, the two-way 
interaction of FB consistency and modality in response time showed that FB consistent items 
were faster to respond to than FB inconsistent items in the S-P modality.  From the obtained 
three-way interaction of modality, relatedness and FB consistency, faster response time was 
yielded when the FB consistent primes were related to the target in the S-P modality. 
   Lastly, consistent main effect of relatedness was indicated in both response time 
and accuracy rate data, demonstrating that when the primes and targets were unrelated, higher 
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accuracy rate and faster response were yielded than when the primes and targets were related. 
Discussion 
The results obtained demonstrated relatedness, FF consistency and FB consistency 
effects, which could be explained and illustrated by the Parallel Distributed Processing (PDP) 
model (Seidenberg & McClelland, 1989), and Interactive Activation and Competition (IAC) 
model (McClelland & Rumelhart, 1981).  The PDP model consists of the orthographic, 
phonological and semantic codes.  Among these three representational units there are the 
hidden units to allow lexical processing which depend on the pattern of activation distributed.  
Similar to PDP model, the IAC model also operates with a spreading activation mechanism.  
But the IAC model consists of feature, letter and word level units as processing codes while in 
the PDP model, the representation of the lexicon is absent and thus there are no processing 
codes corresponding to individual words. IAC model also includes intra-level inhibitory loops 
illustrating competition via lateral inhibition among candidate characters on the same 
representational level.  These two models both depicted lexical processing in alphabetical 
language while the functional model of reading and writing in Chinese was another model 
proposed by Weekes, Yin, Su, and Chen (2006) based on the Chinese language.  The 
functional model illustrates a triangular framework between reading and writing in Chinese, 
via lexical semantic and non-semantic pathways.   
Relatedness effect 
 The result showed that unrelated pairs of items were easier in the relatedness 
judgment task as participants made faster and more accurate judgment on average than the 
related pairs.  In the related pairs, both prime and target referred to the same representation 
of a particular character.  Therefore, when they were presented, potential candidates sharing 
the same representation with the prime and target were co-activated which required inhibition.  
Similar activation pattern occurred to sets of unrelated items, except that the potential 
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candidates inhibited did not share the same representation as the target.  This possibly 
showed that greater cognitive effort was required for inhibiting homophonic distracters 
activated by the related sets of items than heterophonic ones elicited by the unrelated sets.   
Feedback Consistency  
Apart from the observed relatedness effect, the present study focused on investigating 
possible FB consistency effect.  Such facilitative effect was revealed from the significant 
effects of FB consistency in the response time and accuracy data, showing that FB 
consistency of characters impacts on both print-to-sound and sound-to-print conversion.   
As predicted, the FB consistency effect was primarily driven by the sound-to-print modality, 
as shown by the interaction effect between FB consistence and modality.  This replicated the 
findings in previous studies (Kessler, Treiman, & Mullennix, 2008; Ziegler et al., 2008) and 
contrasted to the studies which found that FB consistency played a major role in visual 
modality (e.g., Davies & Weekes, 2005; Leung et al., 2011; Stone et al., 1997).   
The significant FB consistency effect in the both modalities for both response time and 
accuracy rate revealed in this experiment could be explained by the PDP model (Seidenberg 
& McClelland, 1989) and IAC model (McClelland & Rumelhart, 1981), see Figure 4.  From 
the perspective of the IAC model, a FB consistent auditory stimulus activated only one 
heterographic homophone at most in the word level unit (Figure 4a).  A one-on-one mapping 
between sound and print was elicited with little distraction from other homophonic neighbors 
when the participant was presented with the visual and auditory stimuli successively.  This 
facilitated an easier judgment as indicated by both response time and accuracy rate.  In 
contrast, a FB inconsistent auditory stimulus could activate as many as six heterographic 
homophones in this study (Figure 4b).  Consequently, the incompatible candidates induced 
intralevel inhibition among them, resulting in prolonged processing time and possibly errors 
(Ziegler, Montant, & Jacobs, 1997; Lee, Tsai, Su, Tzeng, & Hung, 2005; Ngai, 2008; Perre & 
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Ziegler, 2008).  Similar excitatory and inhibitory patterns could be explained within the PDP 
model, as reflected by the different weighted pattern of connectivity among the units. 
It is also important to note that FB consistency effect was mainly driven by S-P 
modality, which partially lent support to the hypothesis and confirmed the argument put forth 
by Ziegler et al. (2008).  They argued that FB consistency effect was more obvious in the 
auditory modality than the visual one because acoustic information is generally more 
ambiguous and transient than orthographic information, so the former required confirmation 
and stabilization by feedback as a result.  In this study, the auditory prime created a higher 
level of ambiguity since the lexical representation was not clearly indicated and heterographic 
homophones existed, in particular for FB inconsistent prime.  FB consistency effect 
therefore facilitated the lexical processing.  However, in the P-S modality, since the 
orthographic prime provided a clear lexical representation before the presentation of auditory 
target, FB consistency effect became redundant and therefore was not as important as it was in 
S-P modality.  Extent of FB consistency effects across the two modalities therefore reflected 
that FB consistency facilitated auditory lexical processing more the visual lexical processing.   
Feedforward Consistency 
The finding of inhibitory FF consistency effect towards lexical processing speed 
contradicts the hypothesis, as well as previous studies, including Davies and Weekes (2005), 
Glushko (1979), LaCruz and Folk (2004), Leung et al. (2011), that FF consistency facilitated 
lexical processing.  Yet the result is congruent with Chen and Yang (2012) who showed that 
FF consistency actually hampered word recognition.  One possible explanation to the 
converging results between Chen and Yang’s (2012) and this experiment could be due to the 
impact of orthographic neighborhood size on lexical processing speed.  In Chen and Yang’s 
(2012) study, they found that FF consistent characters with larger orthographic neighborhood 
size slowed down response speed more than those with smaller orthographic neighborhood 
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Figure 4.  Illustration of (a) FB Consistent Character /ze1/ And (b) FB Inconsistent Character /faan4/ 
in IAC Model 
size.  This implied that for two characters with same degree of FF consistency, it took 
significantly longer time to respond to one with greater orthographic neighbors.  In this study, 
since the orthographic neighborhood size of all items was controlled, FF consistent items 
therefore on average shared a larger pronunciation-to-orthographic neighbor ratio than FF 
inconsistent items, meaning that a higher number of orthographic neighbors were associated 
with each pronunciation shared by one particular phonetic radical in FF consistent items than 
FF inconsistent ones.  According to the PDP and IAC models, there could be a larger degree 
of competition upon the presentation of characters with more orthographic neighbors (see 
Figure 5).  As a result, the higher ratio hindered response rate since more characters sharing 
the same phonetic radicals were activated and thus this required a larger amount of cognitive 
resources to inhibit the potential candidates for making a correct judgment as depicted in 
Figure 5a.  To produce a correct judgment, a greater cognitive effort was necessary to 
activate the target and to inhibit the potential candidates when a visual FF consistent target 
was later presented before making response.  From the above illustrations, an increased in 
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response time to FF consistent items than FF inconsistent items was resulted.      
Figure 5.  Illustration of (a) FF Consistent Character 「缺」and (b) FF Inconsistent Character 「穴」
in IAC Model 
The observed discrepancy in this study to previous studies showing facilitative FF 
consistency effect on response time could also be attributed to differences in methodology.  
In the previous studies, other orthographic information was controlled for instead of 
orthographic neighborhood size, and different criterion was used when calculating the degree 
of consistency.  For example, in Glushko (1979), pairs of consistent and inconsistent items  
were matched in the experiment such that they only differed in terms of the terminal 
consonants.  In addition, even though Lacruz and Folk (2004) had controlled the  
orthographic neighborhood size, the degree of token consistency criteria differed to this study.   
Consistency was defined here by the degree of token consistency of each character and FF 
consistent items were characters with a degree of 0.7 or above while FF inconsistent were 
those equals or below 0.3, with the intention of avoiding ambiguous characters with values 
located around the centre of the range.  In the previous study, the FF inconsistent words in 
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Lacruz and Folk’s (2004) study were at least having same summed frequency of enemies to 
the summed frequency of friend, which equaled 0.5 using token consistency as in this study, 
or higher summed frequency of enemies to that of friends when possible.  By adopting this 
criterion, the resulted FF consistent and inconsistent words in the previous paper might not be 
as apparent as in the present study.  Our findings suggested that with control over the 
orthographic neighborhood size and stricter criteria during the selection of FF consistent and 
inconsistent, this might result in stimuli inhibitory effects of FF consistency.   
The lack of modality effect in FF consistency supported the hypothesis and other 
studies (Davies & Weekes, 2005; Leung et al., 2011).  As FF consistency mainly concerned 
with the mapping from orthography to phonology (as in P-S modality), the equally important 
FF consistency effect from phonology back to orthography (as in S-P modality) found here 
could be explained by Davies and Weekes (2005) and Ziegler et al. (2008).  The later argued 
that highly ambiguous input elicited a verification process mapping from the output back to 
the input.  Davies and Weekes (2005) also suggested similar verification mechanism of the 
candidate outputs in a backward manner during reading and spelling.  Therefore, in the S-P 
modality, an auditory prime, with the potential heterographic homophones, was ambiguous 
and thus encouraged FF consistency effect to intervene and to further verify the input stimuli.  
Interaction Effect of FF Consistency and FB Consistency 
In the study conducted by Leung et al. (2011), it revealed an interaction effect of FF 
consistency and FB consistency, as in other studies (e.g., Davies & Weekes, 2005; Lacruz & 
Folk, 2004; Stone et al., 1997).  Yet, such interaction effect was not observed in this study.  
One possible reason contributing to the different observation between Leung et al. (2011) and 
this one could be the influence of the orthographic characteristics of the homophonous family 
when defining FB consistent and inconsistent groups.  Leung and colleagues (2011) 
suggested that the number of homophonous family members belonging to the same phonetic 
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radical family impacted on the FB consistency effect, and therefore resulted in the observed 
interaction effect in their study.   Yet considering the influence of orthographic information 
on the recognition of auditory words (Ziegler, Muneaux, & Grainger, 2003; Zou et al., 2012), 
the number of different phonetic radicals shared among characters within one homophonous 
family possibly could confound FB consistency effect.  As a result, this number in each FB 
consistency group was controlled in this study to retain the potential orthographic influence 
on the participant’s performance.  One may therefore speculate that the observed interaction 
effect in Leung et al. (2011), which could not be replicated in this study, might not be purely 
due to the influence of FF and FB consistency but was possibly confounded by the 
orthographic similarity of members in the same homophonous group.   
The Lexical Processing Models 
Though the PDP and IAC models were able to depict the influence of FF and FB 
consistency effects found in this study through the concept of activation and inhibition of 
potential candidates, they were developed based on alphabetic languages.  On the other hand, 
the functional model of reading and writing in Chinese proposed by Weekes et al. (2006) may 
be able to explain the impact of consistency effects on Chinese with some adaption.  Given 
that dynamic interactions among units is required to explain consistency effects, with the 
inhibitory relationship in particular, it is unclear how the functional model in its current state 
can account for this.  In this model, with the presence of bidirectional arrows presented 
across levels, this helps explain the flow of activation from one representation to another 
when there was FB consistency effect.  However, the model lacks the presence of intra-level 
inhibitory loops as it is in the IAC model; a clear lexical inhibitory mechanism illustrated by 
the patterning of connection weights in the hidden unit in the PDP model is not explicitly 
explained in the functional model either.  When the model is enriched with intra- and 
inter-level inhibitory linkages in the future, it may be able to further explain consistency 
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effects observed in Chinese more comprehensively. 
The Impact of FF and FB Consistency 
Among all the significant findings, a closer look at the effect size may further 
implicate the relative importance between FF and FB consistency effects to lexical processing.  
The results suggested that FF consistency demonstrated a relatively larger effect size than FB 
consistency, indicating that FF consistency played a more important role than FB consistency 
in Chinese adult skilled readers’ lexical processing and potentially could extend to literacy 
development.  Tso, Au and Hsiao (2012) argued that as literacy skill developed, one was less 
likely to recognize character as one whole unit but by combining different parts of radicals.  
This implied on the increasing awareness of the radicals and therefore learning of consistency 
rules became more important in reading with improving literacy skills.  This was also 
supported by Ngai (2008) who demonstrated that in primary 2 with limited exposure to 
literacy, FB consistency effect played a more significant role in both reading and writing than 
FF consistency effect.  The pattern was reversed with older school-aged children who relied 
more on FF consistency effect in writing and reading.  Davies and Weekes (2005) also 
demonstrated that dyslexic children exhibited a more significant consistency effect as in the 
mapping from phonology to orthography (i.e., FB consistency effect in the present study) in 
spelling task due to deficit in the phonological processing ability.  These results may 
therefore support the findings in the present study as the participants were university- level 
students with skilled and mature literary knowledge in Chinese. 
Limitation and Direction for Future Studies 
The results from this study might be biased to the task design, which adopted a 
cross-modality paradigm.  Ziegler et al. (1997) argued the possibility of task-specific 
consistency effect, with lexical decision task relying more on lexical verification mechanism 
while reading-aloud task relying stronger on motor programming.  Therefore, the role of 
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lexical inhibitory process might therefore play a stronger role in this study as a prompt and 
accurate selection of the right answer in the form of a binary (yes or no) judgment was 
required.  It is uncertain whether same pattern of consistency effects can be replicated when 
other lexical tasks are adopted.  This will be important to further demonstrate if the results 
revealed in this study represent a genuine effect or merely due to the task demands.   
Moreover, this study only employed monosyllabic stimuli, yet it is uncertain about the 
impact of consistency effects towards the processing of compound disyllabic words which 
take up more than 70% of all Chinese words (Liu, Su & Wei, 2006).  One perceives words in 
a continuous manner in daily life, and seldom in isolation as simulated in this study.  Each 
compound word (i.e., combined with two monosyllabic characters, e.g., 「電池」meaning 
“battery” ) in Chinese constitutes of more than one morphemic unit.  Therefore, involvement 
of semantics and the influence of context in addition to phonological activation may take 
place when processing ambiguous spoken words (Liu et al., 2006; Taft, 2006; Zhou, 
Marslen-Wilson, Taft, & Shu, 1999).  If FB consistency effect is associated with the 
ambiguity of the incoming stimuli (as in Davies & Weekes, 2005; Ziegler et al, 2008), the 
semantic and contextual effects involved with compound word processing may modulate the 
FB consistency effect differently.  A different mapping pattern between phonology and 
orthography may be yielded as a result if the compound words are used as stimuli.   
Conclusion  
To conclude, the present study considered control of orthographic neighbors and 
phonetic radicals when defining FF and FB consistency, and adopted a more natural design 
reflecting the mapping of P-S and S-P.  It suggested that FB consistency facilitated lexical 
processing, in particular in the auditory modality, while FF consistency might actually hamper 
such processing in general. The relative importance of FF and FB consistency effects also 
reflected the trend of literacy development as found in previous studies. 
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Appendix A 
Table A1- List of stimuli and consistency values 
Consistency 
Group 
Character 
Type 
consistency 
Token 
consistency 
Feedback 
Consistency 
Number 
of 
sharing 
radicals 
Frequency 
per 
million 
Number of 
strokes 
FFC-FBC 
鄭 0.500 0.814 0 1 221.54 15 
烹 0.500 0.863 0 1 11.48 11 
懶 0.500 0.811 0 1 28.73 19 
遮 0.500 0.962 1 2 57.60 15 
滑 1.000 1.000 1 1 92.83 13 
猾 1.000 1.000 1 1 1.20 13 
摑 0.500 0.649 0 1 16.91 13 
飲 0.333 0.905 0 1 190.88 12 
盟 1.000 1.000 1 1 157.47 13 
握 0.500 0.989 0 1 87.01 12 
拗 0.333 0.954 0 1 31.11 8 
浮 0.333 0.902 0 1 53.53 10 
諗 0.333 0.845 0 1 64.43 15 
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埃 0.333 0.758 1 2 34.16 10 
框 0.667 0.982 1 1 25.26 10 
晒 0.333 0.807 1 2 115.40 10 
眶 0.667 0.982 1 1 3.44 11 
肋 0.667 0.817 1 1 7.72 6 
箇 0.500 0.996 1 1 7.28 14 
萌 1.000 1.000 1 1 8.95 12 
FFIC-FBC 
搶 0.111 0.296 0 1 229.63 13 
柄 0.333 0.013 0 1 10.41 9 
潑 0.333 0.132 0 1 25.97 15 
鳳 0.333 0.071 1 2 58.04 14 
賀 0.125 0.106 0 1 99.56 12 
糯 0.286 0.226 1 1 1.77 20 
橙 0.125 0.019 0 1 19.29 16 
埋 0.125 0.089 1 2 181.53 10 
脫 0.167 0.059 0 1 140.19 11 
殘 0.125 0.103 0 1 88.55 12 
酷 0.200 0.036 0 1 28.99 14 
罩 0.167 0.220 0 1 54.18 13 
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潘 0.167 0.109 0 1 60.23 15 
柴 0.200 0.166 1 2 37.14 10 
秩 0.667 0.085 1 2 23.07 10 
膽 0.200 0.217 0 1 128.40 17 
唾 0.333 0.030 0 1 3.52 11 
坎 0.667 0.095 1 1 8.93 7 
晏 0.167 0.006 0 1 9.58 10 
爹 0.333 0.050 0 1 9.63 10 
FFC-FBIC 
圳 0.111 0.956 4 3 109.95 6 
賄 0.333 0.694 4 3 33.61 13 
嗜 0.333 0.634 4 5 7.91 13 
刪 0.333 0.899 5 4 29.31 7 
蓋 0.125 0.960 5 3 104.60 14 
賦 0.286 0.827 5 4 15.06 15 
陌 0.125 0.963 6 6 17.15 9 
墊 0.125 0.726 6 6 20.83 14 
襪 0.167 0.788 4 3 12.29 19 
援 0.125 1.000 4 3 214.99 12 
緩 0.200 1.000 4 3 91.58 15 
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媛 0.167 1.000 4 3 15.40 12 
腺 0.167 1.000 6 4 12.47 12 
遵 0.200 0.937 5 5 29.93 15 
堤 0.667 0.986 4 2 28.11 12 
寰 0.200 1.000 4 2 5.58 15 
孤 0.333 0.709 6 4 42.77 9 
缺 0.667 0.620 5 3 210.61 10 
塑 0.167 1.000 5 5 30.30 13 
煩 0.333 0.721 5 5 52.14 13 
FFIC-FBIC 
孕 0.500 0.094 4 3 95.67 6 
擅 0.500 0.133 4 4 33.38 16 
顫 0.500 0.027 4 5 6.71 22 
慨 0.500 0.126 5 3 28.60 12 
歉 0.500 0.144 5 5 73.83 14 
銜 0.500 0.083 4 4 16.96 14 
穴 0.500 0.081 6 6 14.90 5 
軸 0.500 0.018 5 6 15.81 12 
茜 0.500 0.134 5 4 19.16 10 
冠 1.000 0.251 4 3 294.09 9 
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純 1.000 0.214 4 4 90.61 10 
潰 1.000 0.056 4 3 17.98 15 
咽 1.000 0.065 6 4 14.28 9 
敲 0.667 0.115 5 5 34.14 14 
魁 0.750 0.148 4 3 19.99 14 
叭 1.000 0.025 5 2 4.65 5 
澄 0.250 0.044 5 5 45.07 15 
狗 0.800 0.164 5 5 140.53 8 
悅 1.000 0.039 6 6 35.96 10 
呈 0.500 0.052 5 5 60.02 7 
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Appendix B  
Table B1- List of Unrelated Target-Prime pairs 
Consistency 
Group 
Target Prime Difference in duration 
length(milliseconds) 
Difference in frequency (per 
million) 
FFC-FBC 鄭 晒 -0.1 106.1 
烹 猾 0.25 10.28 
懶 框 -0.028 3.471 
遮 浮 -0.008 4.071 
滑 握 0.236 5.82 
猾 烹 -0.25 -10.3 
摑 諗 -0.271 -47.5 
飲 盟 0.051 33.4 
盟 飲 -0.051 -33.4 
握 滑 -0.236 -5.82 
拗 埃 0.018 -3.05 
浮 遮 0.008 -4.07 
諗 摑 0.271 47.52 
埃 拗 -0.018 3.053 
框 懶 0.028 -3.47 
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晒 鄭 0.1 -106 
眶 箇 0.016 -3.84 
肋 萌 -0.244 -1.23 
箇 眶 -0.016 3.836 
萌 肋 0.244 1.227 
FFC-FBIC 圳 蓋 -0.118 5.35 
賄 刪 -0.003 4.306 
嗜 寰 0.156 2.323 
刪 賄 0.003 -4.31 
蓋 圳 0.118 -5.35 
賦 腺 -0.142 2.584 
陌 堤 -0.214 -11 
墊 塑 0.021 -9.47 
襪 媛 -0.237 -3.11 
援 缺 0.324 4.384 
緩 煩 -0.034 39.43 
媛 襪 0.237 3.106 
腺 賦 0.142 -2.58 
遵 孤 0.089 -12.8 
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堤 陌 0.214 10.96 
寰 嗜 -0.156 -2.32 
孤 遵 -0.089 12.84 
缺 援 -0.324 -4.38 
塑 墊 -0.021 9.473 
煩 緩 0.034 -39.4 
FFIC-FBC 搶 埋 0.183 48.1 
柄 橙 0.04 -8.873 
潑 秩 0.074 2.897 
鳳 罩 -0.2 3.862 
賀 殘 0.109 11.01 
糯 唾 -0.1 -1.749 
橙 柄 -0.04 8.873 
埋 搶 -0.18 -48.1 
脫 膽 -0.13 11.8 
殘 賀 -0.11 -11.01 
酷 爹 -0.2 19.36 
罩 鳳 0.201 -3.862 
潘 柴 -0.04 23.1 
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柴 潘 0.037 -23.1 
秩 潑 -0.07 -2.897 
膽 脫 0.129 -11.8 
唾 糯 0.099 1.749 
坎 晏 -0.02 -0.652 
晏 坎 0.022 0.652 
爹 酷 0.198 -19.36 
FFIC-FBIC 孕 冠 -0.009 -198.4 
擅 慨 0.015 4.7758 
顫 叭 0.005 2.0617 
慨 擅 -0.015 -4.776 
歉 呈 -0.212 13.805 
銜 潰 -0.091 -1.018 
穴 軸 0.17 -0.913 
軸 穴 -0.17 0.9134 
茜 魁 0.143 -0.835 
冠 孕 0.009 198.42 
純 狗 0.075 -49.92 
潰 銜 0.091 1.0178 
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咽 敲 -0.034 -19.86 
敲 咽 0.034 19.86 
魁 茜 -0.143 0.8351 
叭 顫 -0.005 -2.062 
澄 悅 0.166 9.108 
狗 純 -0.075 49.924 
悅 澄 -0.166 -9.108 
呈 歉 0.212 -13.81 
 
 
